The aim of this study was to assess the effects of pre-operative statin therapy on cardiovascular events in the first 30-days after non-cardiac surgery.
Introduction
Among the 200 million adults worldwide who undergo non-cardiac surgery annually, ≥10 million will suffer a cardiovascular complication in the first 30 days after surgery. 1, 2 Despite the magnitude of the problem, no intervention has been shown to be both safe and efficacious in the prevention of cardiovascular events. 3 -5 Observational studies and small randomized controlled trials (RCTs) suggest that statins may reduce the risk of cardiovascular events in patients undergoing non-cardiac surgery. 6 -10 There remains, however, uncertainty regarding the effects of statins in this setting.
We recently completed recruitment to the Vascular events In non-cardiac Surgery patIents cOhort evaluatioN (VISION) study, a large international prospective cohort study evaluating perioperative events. One of its objectives was to identify promising interventions that might reduce the incidence of perioperative complications for testing in subsequent RCTs. Moreover, the VISION study allows for determination of risk-adjusted estimates of the effectiveness of preventive interventions in a representative sample of real-world patients undergoing non-cardiac surgery. Thus, for the current analyses, our objective was to assess the effects of perioperative statin usage on cardiovascular events at 30 days.
Methods

Study design
The VISION study (NCT00512109) methods were published previously. 11, 12 In brief, VISION was a prospective cohort study of patients undergoing non-cardiac surgery. VISION completed the recruitment of over 40 000 patients in North and South America, Africa, Asia, Australia, and Europe. The Research Ethics Board at each site approved the protocol prior to patient recruitment. The first 16 081 patients enrolled had fourth-generation troponin T (TnT) measurements after surgery and experienced event rates three times higher than expected, which allows sufficient statistical power to address some of the VISION prespecified questions. 11 This publication addresses the effects of preoperative statin use on clinical outcomes at 30 days after surgery and is restricted to the period of fourth-generation assay use for measurement of TnT concentration. We expect to present data later this year for the remaining 25 000 patients who underwent measurement of post-operative TnT using a fifth-generation high-sensitivity assay.
Patients
Eligible patients had non-cardiac surgery requiring general or regional anaesthesia and were ≥45 years of age. We excluded patients not requiring an overnight stay after surgery, previously enrolled, or who refused consent. Patients were identified by screening daily lists in pre-operative clinics, daily surgical lists and lists from the previous day, lists on surgical wards and in intensive care units, and patients in the pre-operative holding area. In some centres, surgical volume exceeded the capacity to enrol all eligible consecutive patients. In these centres, we created a recruitment schedule consisting of random weeks for recruitment or randomly selected surgical services.
Patients consented to participate prior to surgery or, for patients from whom we could not obtain consent pre-operatively (e.g. emergency night-time surgical case), consent was obtained within the first 24 h after surgery. Eight centres used a deferred process for patients unable to consent (e.g. patients sedated and mechanically ventilated) and no substitute decision-maker was available.
Procedures
Throughout patients' hospital stay, researchers evaluated patients, reviewed charts, and recorded outcomes. Data regarding the use of cardiovascular drugs was collected before (.24 h to 7 days, ≤24 h) and after surgery (first 3 days). At each site, an investigator reviewed all data. Patients had blood collected to measure a Roche fourthgeneration Elecsys TM TnT assay 6 -12 h post-operatively and on the first 3 days after surgery. Centres submitted case report forms and supporting documentation directly to the data management system (iDataFax TM , coordinating centre, McMaster University, Canada).
Data quality
Monitoring in VISION consisted of central data consistency checks, statistical monitoring, and on-site monitoring for all centres. For the on-site monitoring, the central co-ordinator randomly selected participants with and without outcomes, and monitors audited their hospital charts and supporting documents.
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Outcomes
The primary outcome was a composite of all-cause mortality, myocardial injury after non-cardiac surgery (MINS), or stroke at 30 days after surgery. 12 Secondary outcomes included individual components of the primary endpoint, myocardial infarction, cardiovascular and noncardiovascular death, sepsis, and pneumonia. Diagnostic criterion for MINS was any peak TnT ≥ 0.03 ng/mL judged to result from myocardial ischaemia (i.e. without evidence of a non-ischaemic aetiology for the TnT elevation). 12 Diagnosis of myocardial infarction was based upon the Universal Definition of Myocardial Infarction. 13 Stroke was defined as a new focal neurological deficit thought to be vascular in origin with signs and symptoms lasting more than 24 h. All events were adjudicated.
Statistical analysis
A statistical analysis plan was written before undertaking the current analyses. Continuous and categorical variables were compared using parametric or non-parametric methods as appropriate.
To estimate the effect of pre-operative statin usage on the outcomes, we undertook propensity score analyses. We estimated the probability of patients receiving a statin pre-operatively (i.e. any usage during the 7 days before surgery) using a multivariable logistic regression model in which 27 pre-operative variables were included ( Table 1) . Model discrimination was assessed using the c-statistic, and calibration using a graphical representation and an LOESS algorithm. 14 We then conducted a nearest neighbour propensity score matching with a caliper of 20% of the standard deviation of the logit of the probability of taking a statin before surgery (i.e. the propensity score). 15 Patients who used a statin ('Statin' group) before surgery were matched with up to two patients who did not receive a statin ('No Statin' group).
No replacement was performed, and patients from the 'No Statin' group without matching patients from the 'Statin' group were excluded. After matching, the balance of covariates between the groups was assessed using the standardized differences expressed as a percentage for each covariate, 16 and globally using c-statistic (where a value of 0.5 indicates perfect balance). 17 Baseline covariates with an absolute standardized difference .10% were considered to be imbalanced. 16 Relative risks (RR) and the 95% confidence intervals (CI) for all outcomes were computed using conditional Poisson regression in which imbalanced variables were included. For the primary outcome, we undertook post hoc subgroup analyses based upon the following pre-operative conditions: coronary artery disease, stroke, peripheral vascular disease, diabetes, and renal insufficiency. We developed Cox proportional hazards models in which the dependent variable was all-cause mortality at 30 days. Unadjusted hazard ratios (HRs) were estimated in the unmatched population. Imbalanced variables were added to the model in the matched population to estimate the adjusted HRs.
We tested the impact of this stochastic procedure on the treatment effect estimation in a sensitivity analysis using 500 replications of the main analysis. We also conducted a second sensitivity analysis for the 
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Association between pre-operative statin use and major cardiovascular complications primary outcome in which statin users were defined as patients receiving statins before surgery and within the first 3 days after surgery. P-values were two-tailed, and values ,0.05 were considered significant. Statistical analyses were carried out using R software (version 3.2, http://www.r-project.org), and the MatchIt package (version 2.4-21, http:// gking.harvard.edu/matchit). Figure 1 shows the patient flowchart. From the 16 081 enrolled patients, 603 were excluded from the statin analysis, mostly due to failure to measure at least one troponin concentration. Of the 15 478 included patients, 99.7% completed the follow-up. Patients were recruited at 12 centres in eight countries, in North and South America, Australia, Asia, and Europe, from August 2007 to January 2011. A total of 3760 (24.3%) patients were treated pre-operatively with a statin. 
Results
Patients
Matching
The model to predict treatment with a pre-operative statin demonstrated a c-statistic of 0.84. The graphical representation (Supplementary material online, Figure S1 ) shows excellent calibration throughout the full range of the observed probabilities for receiving a statin. We included 2845 patients (75.6%) who were treated with a statin in the matched population; the remaining 915 patients (24.4%) were discarded, because there was no matching control. Among the 11 718 patients who were not treated with a statin, 4492 (38.3%) were included as matched controls.
Despite a large reduction in the imbalances observed in the unmatched compared with the matched populations ( Table 1) , absolute standardized differences remained .10% in the matched populations for: coronary artery disease, pre-operative aspirin, peripheral vascular disease, diabetes, and pre-operative angiotensin-converting enzyme inhibitor, or angiotensin-receptor blocker. In the matched population, these characteristics were more common in the Statin group. Postmatching c-statistic was 0.58, suggesting a small residual imbalance. Variables with standardized differences .10% were then included in the models used to estimate the effect of statins.
Outcomes
The 30 day primary outcome (all-cause mortality, MINS, or stroke) was observed in 1614 patients in the matched cohort (11.8%), Supplementary material online, Table S1 . After adjustment for potential confounding factors, statin use was associated with a significant lower risk of the primary outcome (RR, 0.83; 95% CI, 0.73 -0.95; P ¼ 0.007), Figure 2 . This relative effect corresponded to an absolute risk reduction of 2.0% (95% CI, 0.5-3.2%; P ¼ 0.005).
The effects of statins on secondary outcomes are presented in Figure 2 . Statin therapy was significantly associated with lower risk of all-cause mortality (RR, 0.58; 95% CI, 0.40-0.83; P ¼ 0.003), cardiovascular mortality (RR, 0.42; 95% CI, 0.23-0.76; P ¼ 0.004), and MINS (RR, 0.86; 95% CI, 0.73 -0.98; P ¼ 0.02). There were no statistically significant differences in the risk of non-cardiovascular mortality, myocardial infarction, or stroke with statin therapy. Supplementary material online, Table S1 shows the incidence of events in both groups. Statin therapy was associated with lower mortality (HR, 0.57; 95% CI, 0.47 -0.69; P ¼ 0.004) in time-dependent analyses ( Figure 3 ). Statins were also associated with a reduction in sepsis (RR, 0.81; 95% CI, 0.71 -0.92; P ¼ 0.002) and pneumonia (RR, 0.71; 95% CI, 0.52-0.98, P ¼ 0.038). ASD, absolute standardized difference; recent high-risk CAD, diagnosis ≤6 months prior to surgery of myocardial infarction, acute coronary syndrome, Canadian Cardiovascular Society Class (CCSC) III angina or CCSC IV angina; COPD, chronic obstructive pulmonary disease; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers; CCB, calcium-channel blockers. Figure 4 shows the results of the subgroup analyses. There was evidence of a subgroup effects only when we compared diabetic vs. non-diabetic patients.
Subgroup analysis
Sensitivity analysis
Among 500 replications of the main analysis, only two of them (0.4%) had a P-value greater than 0.05. Further, the median of the distribution of the RR observed among the 500 replications ( Figure 5 ) was similar to the results of our main analysis (respectively, 0.84 and 0.83), suggesting that the main analysis was not related to a specific matching procedure.
The second sensitivity analysis included 1653 patients who received a statin before surgery and during the first 3 days after surgery and 2847 matched controls. This analysis demonstrated a lower risk of the primary outcome (RR, 0.82; 95% CI, 0.68 -0.98; P ¼ 0.029) with statins. After 500 replications of this analysis, 83 (16.6%) were associated with a P ≥ 0.05.
Discussion
In this international cohort study of .15 000 patients undergoing non-cardiac surgery, we found that pre-operative statin use was associated with lower risk of the primary outcome at 30 days. This beneficial effect was driven mainly by statistically significant lower Association between pre-operative statin use and major cardiovascular complications risks of death and MINS. We also found that statins were associated with a lower risk of cardiovascular mortality, sepsis, and pneumonia. Another message from our results is that the use of long-term statins is sub-optimal in high cardiovascular risk patients, who should be on long-term lipid-lowering therapy independently of surgery. 18 The VISION results are consistent with other observational studies that evaluated statins in the perioperative context. 19 -22 A systematic review that included 10 observational studies of patients undergoing non-cardiac surgery found a 30% reduction in death or myocardial infarction and a 31% reduction in mortality with statins. 6 Despite these findings, it should be acknowledged that the majority of the studies were retrospective, single centre, and restricted to vascular surgery. A few RCTs have evaluated the effects of statins in non-cardiac surgery. A Cochrane review pooled the results from three vascular surgery trials (total participants, 178) and found a non-significant decrease in the risk of mortality and myocardial infarction at 30 days with statins. 23 The authors considered that the evidence was insufficient to draw conclusions of whether statins resulted in either lower or higher perioperative risks. Another systematic review found a decrease in mortality and myocardial infarction with statins in patients undergoing Association between pre-operative statin use and major cardiovascular complications non-cardiac surgery, but, due to the few events observed, concluded that there were insufficient data to support recommendations. 24 A more recent review reached similar conclusions. 25 Although trials in non-interventional settings have demonstrated that the benefits of statins typically do not become apparent until 6 months after initiation, trials in acute interventional settings suggest that statins may have benefits within 30 days. A meta-analysis that included 13 RCTs and 3341 percutaneous coronary intervention patients demonstrated a 44% risk reduction in cardiac events at 30 days with high-dose statins. 26 We observed that statins were associated with a reduction in overall and cardiovascular mortality, and MINS. Although the association for myocardial infarction was not significant, it had a similar point estimate of effect to MINS. There were substantially fewer myocardial infarctions (3.6%) compared with MINS (10.6%). This may explain why myocardial infarction had a non-significant association. We have previously demonstrated that MINS is a strong independent predictor of 30-day mortality and the impact of statin therapy on MINS is likely a dominant pathway explaining the associated lower risk of death with statins. 12 Our results add important information to the available evidence. When compared with existing observational studies, VISION collected data prospectively, included a broader range of patients and types of surgeries in several countries, and actively monitored for outcomes. VISION also complements the findings from RCTs, since it observed a larger number of events and found effects of smaller magnitude, which are consistent with the benefits reported for long-term statin therapy. Additionally, VISION is the only study to report the effects of statins on MINS.
Our study's strengths include the large sample of patients from eight countries in five continents. We included a representative sample of patients undergoing non-cardiac surgery minimizing the risk of selection bias. All patients had the same troponin assay measured after surgery. A total of 99.7% of the patients completed the follow-up, and we had complete data on the 27 variables evaluated in our propensity score. Outcomes were centrally adjudicated. The model demonstrated good discrimination and calibration. Finally, the results were robust to the sensitivity analysis assumptions.
Our study has limitations. Even with adjustment for covariates, the use of statins in an observational dataset may represent a surrogate for unmeasured confounders that relate to prognosis. Despite matching, standardized differences remained .10% in five preoperative variables. Yet all of these variables were more frequently seen in the Statin group compared with No Statin group in the matched population, thus making it very unlikely that they could have explained the benefit seen with statins. If optimal matching had been possible, then the results seen for statins users might have been even more pronounced. We did not collect data on type and dosing of statins used and could not evaluate whether the results varied based on these factors. We did not obtain data related to liver and muscle function. Nevertheless, it is unlikely that perioperative statin therapy leads to a higher risk for these events than with long-term statin use in routine practice.
In VISION, contraindications to statins were not recorded. Consequently, some control patients might have presented a contraindication to statins, which could introduce bias. However, absolute contraindications to statin use are rare, and this is unlikely to have influenced our results. Finally, in the main analysis, we considered any patients pre-operatively treated with a statin to have continued a statin after surgery. If a post-operative rebound effect exists with statin withdrawal and some patients taking a statin before surgery did not continue it after surgery, our assumption may have contributed to an underestimation of the treatment effect. Nevertheless, our sensitivity analysis, which included only patients who were continuously treated with statins, found similar results to the main analysis.
In summary, in a large cohort of patients undergoing non-cardiac surgery, pre-operative statin use was associated with a lower risk of 30 day cardiovascular events. Statins may represent a potentially beneficial intervention to prevent cardiovascular complications in this setting. Our results require confirmation in a large perioperative statin RCT.
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